Bacterial populations are routinely characterized based on the microscopic examination, colony 3 formation and biochemical tests. However, in recent past, bacterial identification, classification and 4 nomenclature have been strongly influenced by genome sequence information. Advances in 5 bioinformatics and growth in genome databases has placed genome-based metadata analysis in the 6 hands of researchers who will require taxonomic experience to resolve intricacies. To achieve this, 7 different tools are now available to quantitatively measure genome relatedness within members of 8 the same species and genome-wide average nucleotide identity (gANI) is one such reliable tool to 9 measure genome similarity. A genome assembly showed gANI score of <95% at intra-species level 10 is generally considered indicative of a separate species. In this study, we have analysed 300 whole-11 genome sequences belonging to 26 different bacterial species available in the Genome database and 12 calculated their similarity at intra-species level based on gANI score. At the intra-species level, nine 13 bacterial species showed less than 90% gANI and more than 10% of unaligned regions. We suggest 14 appropriate use of available bioinformatics resources after genome assembly to arrive at proper 15 bacterial identification, classification and nomenclature in order to avoid erroneous species 16 assignments and disparity due to diversity at the intra-species level.
of the 26 bacterial species analyzed to comprise of several strains with a gANI score of less than 2 90% at intra-species level (between strains of the same species). The minimum gANI scores ( Table   3 1) were found in strains belonging to Prochlorococcus marinus (64.92), Flavobacterium 4 psychrophilum (69.26), Buchnera aphidicola (69.64), Clostridium botulinum (70.09), Pasteurella 5 multocida (78.4), Pseudomonas fluorescens (79.36), Aeromonas hydrophila (85.68), 6 Stenotrophomonas maltophilia (86.85) and Fusobacterium nucleatum (89.83).
7
As an example, to explore the conventional phylogenetic analysis using single marker genes for 8 grouping the species or delineating a species in a genus, we performed further analysis of the 10 9 strains of Flavobacterium psychrophilum. The 16S rRNA and 23S rRNA regions were extracted 10 from the whole genome sequences and compared. The gANI score between two F. psychrophilum 11 strains namely Z1 and Z2 was shown to be 100% while, the gANI scores of these two strains were 12 highly dissimilar from other strains studied (Table 2) .
13
A BLAST based sequence analysis of 16S rRNA region also showed that F. psychrophilum Z1 14 and Z2 strains showed only 93% identity with the other eight strains of F. psychrophilum studied 15 while, the 16S rRNA sequence shared more than 95% identity with other Flavobacterium species
) and 99% identity with 16S rRNA 17 sequences from uncultured bacterial species. Sequence homology of 23S rRNA region from ZI 18 and Z2 showed only 94% identity at intra-species level while, these regions showed a maximum 19 identity of 96% with F. arcticum. There were no 23S rRNA sequences available for F. sp. NW20, 20 F. hauense and F. subsaxonicum and hence they were not compared. Further, we performed a 21 phylogenetic analysis of 16S and 23S rRNA sequences from the 10 strains of Flavobacterium 22 psychrophilum strains (Fig. 2) . The 16S rRNA and 23S rRNA sequence analyses showed that Z1 23 and Z2 strains form a distinct cluster compared to other strains.
24
Our analysis identified 20 bacterial species which showed <90% alignment against strains of the 25 same species (Table 1 ). The lowest percentage of aligned regions was found in strains of 26 Prochlorococcus marinus (16.37), Clostridium botulinum (21.62), Buchnera aphidicola (24.42) 27 and Flavobacterium psychrophilum (25.41). The median gANI identity score was found to be less 28 than 95% in six bacterial species (B. aphidicola, C. botulinum, F. nucleatum, P. marinus, P. 29 fluorescens, S. maltophilia). This clearly suggested that at least 50% of the genome assemblies We also observed that in 20 different bacterial species, a pairwise alignment showed unaligned 2 regions contributed to more than 10% of the genome, which clearly indicated that these genomes 3 contained several uncharacterized genes. Reasons for such a vast amount of unaligned regions may 4 be due to plasmids found in bacterial species or contamination from host genome (Merchant et al. D r a f t 9 1 authentic and reference gene sequences from the 'same' species during sequence analysis will 2 provide better clues on taxonomic identity of the isolate. Further, Genomic Standards Consortium 3 recommendations for the generation, analysis and reporting of bacterial single amplified genomes 4 should be strictly adhered to before depositing microbial whole genome sequences in the 5 international nucleotide sequence databases. A. hydrophila, S. maltophilia and F. nucleatum) have significant differences (<90% gANI) at 23 species level. To understand the reason for this genetic diversity, we further analyzed genome 24 assemblies of F. psychrophilum as an example. Phylogenetic analysis of 16S and 23S rRNA gene 25 sequences from 10 assemblies showed that F. psychrophilum Z1 and Z2 strains form a distinct 26 cluster compared to other strains and homology search showed that these two strains strains have 27 higher degree of sequence similarity at inter-species level than intra-species level. Hence, we 28 recommend that the following steps aimed at reducing the genome level diversity at species level. D r a f t D r a f t D r a f t Figure 2 . Phylogenetic tree based on the nucleotide sequences of A)16S ribosomal RNA and B) 23S ribosomal RNA genes from 10 Flavobacterium psychrophilum strains selected in the study. The phylogentic tree was constructed by the Maximum Likelihood method, using the MEGA X Software.
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